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Abstract 

Mucosal-associated invariant T (MAIT) cells are an invariant T cell subset, which have been reported to play an anti-
microbial role in infectious diseases. However, little is known about it in malignant diseases and tumors, especially 
in gastric cancer (GC). So in this study, we aim to examine the frequency, phenotype, partial functional capacity and 
clinical relevance of this cells from GC patients’ peripheral blood by flow cytometry. It was shown that the frequency 
of peripheral blood MAIT cells was negatively correlated with their increasing age in healthy adults. Importantly, com-
paring to the healthy controls (HC), the frequency and the absolute number of MAIT cells from GC patients’ peripheral 
blood with or without chemotherapy were both significantly lower than those. For the phenotype, the proportion 
of CD4−MAIT cell subset in GC patients without chemotherapy was lower than in HC, but higher than in GC patients 
with chemotherapy. Whereas, the proportion of CD4−CD8+MAIT cell subset in GC patients without chemotherapy 
was significantly lower than that in HC. Finally, the level of Granzyme-B (GrB), a molecule associated with MAIT cells 
was markedly lower in GC patients. But the correlation between the serum levels of GC-associated tumor antigens 
and the percentages of MAIT cells in GC patients was not observed. In conclusion, our study shows the decreased 
frequency, changed phenotypes and partial potentially impaired function of MAIT cells in GC patients, suggesting a 
possible MAIT cell-based immunological surveillance of GC.
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Introduction
Mucosal associated invariant T (MAIT) cells, a popu-
lation of lymphocytes, are a kind of key immune cells 
that was previously discovered but has recently once 
again become a focus of medical research. It comprises 

up to 1–10% of peripheral blood total T cells in humans 
[1]. This cells are innate-like T cells that expressing a 
semi-invariant T cell receptor (TCR) of Vα7.2−Jα33 
chain and a limited array of Vβ2 or Vβ13 chain in 
humans [2]. In addition to the Vα7.2 TCR, MAIT cells 
are also characterized by a high expression of NK cell 
receptor CD161 and IL-18Rα on cell surface [2–4]. In 
contrast to conventional T cells, MAIT cells recognize 
antigens bounded with major histocompatibility com-
plex (MHC) molecules, they also recognize bacterial 
derived riboflavin (vitamin B2) metabolites presented 
by the MHC class 1b-like related protein (MR1) [5]. 
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They are abundant in humans and especially enriched 
in mucosal layers, such as gastric mucosa, the usual 
site of tumor occurrence and development. This cells 
have been found both within primary and metastatic 
tumors [6]. But now, whether they can hasten malig-
nancy or regulate to anti-cancer immunity is unclear.

In human clinical diseases, gastric cancer (GC) 
is one of leading causes of cancer‑related mortality 
worldwide and is a notable disease due to its heteroge-
neity [7]. GC usually destroys the mucosal homeosta-
sis and barrier defense function. The development and 
prognosis of GC are also closely associated with the 
mucosal immunity in the body. So mucosal immune 
cells play an important role in gastric cancer. Although 
the incidence and mortality rate of GC have decreased 
overall in recent years, it also remains the major cause 
of cancer‑related mortality in developing countries 
[8] and seriously affects the healthy and life safety of 
humans. Tumor immunotherapy is a new method for 
tumor treatment after the traditional surgery, chemo-
therapy and radiotherapy. Immunotherapy is typically 
more tumor-specific and less toxic than chemotherapy, 
has brought renewed hope to many cancer patients, 
including those with GC. Once successfully imple-
mented, immunotherapeutic modalities may narrow 
down the tumor mass, preparing for other treatments 
or even preventing postoperative relapse. With the 
further understanding of tumor microenvironment 
and tumor escape mechanism, it has become a new 
and of academic value research direction to mobilize 
the immune system to resist tumor.

Previous studies have shown the relationships 
between different types of T cells and the progression 
of GC [9, 10]. It has been recognized for a long period 
that unconventional T cells also can promote tumor 
rejection, and there are reasons why it is of value to 
translate these researches into clinical trials. Uncon-
ventional T cells offer several advantages that may 
help to improved T cell immunotherapy for human 
cancer [11]. MAIT cells have already been suggested 
to play a key role in immune surveillance of tumor via 
the contact response [12]. And MAIT cells have been 
reported in many studies in colorectal cancer (CRC), 
but rarely in GC [12–15]. We hypothesize that MAIT 
cells may also provide an attractive therapeutic target 
in GC. So, our work have assessed the frequencies, the 
partial functional capacities, and the clinical relevance 
of MAIT cells in peripheral blood of GC patients. Our 
findings indicated that MAIT cells did show signifi-
cant differences between GC patients and normal con-
trols, and could provide valuable experimental basis 
for immunotherapy researches of cancer.

Materials and methods
Human samples
The samples were peripheral blood, which came from 
164 healthy adults (as healthy controls) and 87 GC 
patients enrolled at the First Hospital of Anhui Medical 
University, Hefei, China from November 2018 to May 
2019. The healthy controls included in this study were 
all from the physical examination center, without tumor 
history, autoimmune disease, or recent acute infection 
history. The patients with GC were diagnosed by histo-
logical examination of biopsied tumor tissues obtained 
from gastroscopy.

Isolation of PBMCs and stimulation of MAIT cells
Peripheral blood mononuclear cells (PBMCs) were iso-
lated from the peripheral blood by gradient centrifugation 
with Ficoll-Paque Plus reagents (P8610, Solarbio, China), 
following the manufacturer’s protocol. To assess intracellu-
lar cytokine production, the CD3+TCRγδ−Vα7.2+CD161+ 
MAIT cells were stimulated with phorbol 12-myristate 
13-acetate (PMA), ionomycin and monensin for 4–6 h in 
RPMI-1640 medium (SH30809.1, America) supplemented 
with 10% heat-inactivated FBS, placed in the cell incubator 
with 37 °C and 5% CO2.

Flow cytometry
Single-cell suspensions were stained with the fluores-
cent-labeled antibodies (anti-human series, Bioleg-
end), including FITC-CD3(OKT3), PE-TCR/γδ(B1), 
APC- TCRVα7.2(3C10), Brilliant Violet 510-CD161(HP-
3G10), PE/Cy7-IFN-γ(B27), PE/Cy7-IL-2(MQ1-17H12), 
Brilliant Violet 421-TNF-α(MAb11), Brilliant Vio-
let 421-IL-17A(BL168), PE/Cy7-CD4(RPA-T4), APC/
Cyanine7-CD8(SK1). Isotype controls were used to 
determine cut-off levels for positive staining. Data were 
acquired using Flow Cytometer (Backman, America) and 
analyzed by FlowJo_V10 software.

Detection of serum cytokines and GrB by CBA kit
The samples were human serum. Five kinds of Capture 
Bead mixtures were prepared according to the Instruction 
Manual of Cytometric Bead Array (CBA) Kit (BD, Amer-
ica). Each kit must make a standard curve. Standard tubes 
and negative control were performed for each experiment. 
In the test tube, added 5 kinds of Capture Bead mixtures 
(IL-2, IL-17A, IFN-γ, TNF-α and GrB) and PE (phyco-
erythrin) fluorescence Detection Reagent 50  µl for each, 
and then added 50 µl serum into the test tube for 3 h in 
the dark, RT. Before detection on the machine, added 
1 ml Wash Buffer of to each tube, centrifuging for 200×g, 
5 min. Flow Cytometer (Backman, America) was used for 
detection. FCAP Array v3 was used for data analysis.
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Statistical analysis
Data are expressed as mean values unless specified. The 
differences between groups were analyzed by paired or 
unpaired t tests. Other data were analyzed by the two-
way ANOVA followed by post hoc Bonferroni tests using 
the Prism Version 5 (GraphPad) and SPSS Statistics 20. 
The potential correlation between variables was analyzed 
by the Spearman rank correlation test. Data is expressed 
as x ± s. The p values < 0.05 were considered to be statisti-
cally significant.

Results
Frequency of MAIT cells from healthy adults peripheral 
blood
In previous studies, it has been shown that 
CD3+TCRγδ−Vα7.2+CD161+ T cells can be con-
sidered as MAIT cells [1]. Accordingly, in this arti-
cle, we defined and counted the MAIT cells as 
CD3+TCRγδ−Vα7.2+CD161+ T cells. PBMCs were 

isolated from 164 healthy adults (male n = 83, female 
n = 81, the ages range from 20 to 81 years) and stained 
with fluorescent antibodies against CD3, CD161, 
TCRγδ and TCR Vα7.2. As shown in Fig.  1a, the fre-
quency of CD3+TCRγδ−Vα7.2+CD161+ T cells among 
total CD3+ T cells in individuals were determined by 
flow cytometry. We concluded the percentage of MAIT 
cells in peripheral blood were negatively correlated 
with increasing age (r = − 0.422, p < 0.01, n = 159) in 
healthy adults. A similar trend was observed in the 
absolute number of MAIT cells (104/ml) (r = − 0.423, 
p < 0.01, n = 151) (Fig.  1b). But no significant differ-
ences were detected between men and woman in 
the percentage (male 2.88%/female 2.86%, p = 0.957, 
n = 164) and absolute amount (male 3.16/female 3.44, 
p = 0.623, n = 149) of MAIT cells (104/ml) in peripheral 
blood from healthy adults (Fig. 1c). In past reports, Lee 
et al. manifested the circulating MAIT cell levels were 
found to vary widely (0.19–21.7%) in humans and the 

Fig. 1  MAIT cells distribution in healthy adults. Samples were obtained from 164 healthy adults and stained with fluorescent antibodies against 
CD3, CD161, TCRγδ and TCRVα7.2. MAIT cells frequency was characterized by flow cytometry. These cells were gated on living lymphocytes for first, 
then on CD3+TCRγδ− T cells, and finally on CD3+TCRγδ−Vα7.2+CD161+ T cells. The percentages of CD3+TCRγδ−Vα7.2+CD161+ MAIT cells in CD3+ 
T cells were determined. a Flow cytometry analysis of MAIT cell. In peripheral blood from healthy adults, age (b) and gender (c) were both related to 
the percentage of MAIT/CD3+ T cells and the absolute number of MAIT cells (104/ml), while, Hp infection (d) and BMI (e) were neither dependent of 
the percentage of MAIT/CD3+ T cells and the absolute number of MAIT cells (104/ml)
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levels in elderly subjects (age, 61–92  years) were sig-
nificantly lower than in young (age, 21–40 years). They 
also pointed out that no difference was detected in the 
circulating MAIT cell levels between male and female 
subjects [16]. Their conclusion further supports our 
findings.

Expect for the separate analysis of age and gender, 
we also collected the information of Helicobacter pylori 
(Hp) infection and body mass index (BMI) of healthy 
donors and compared them in groups. As shown in 
Fig. 1d, e, we found that these factors had no effect on 
the proportion and absolute number of MAIT cells in 
the peripheral blood of healthy people.

Difference in MAIT cells’ frequency between GC patients 
and healthy subjects
As shown in previous reports, MAIT cells’ frequency 
were changed with age [1, 16], our data also proved 
this view (Fig.  1b). Therefore, it is necessary to match 
the age and gender in each study. According to epi-
demiological researches, people who aged > 45  years 
to have GC was twice as likely as younger [17]. And 
the incidence of GC in male was approximately twice 
as high as female [18]. So, we firstly matched the age 
(mostly > 45  years old) and gender (male:female = 2:1) 
on the basis of the epidemiological trends in GC, as 
Table 1.

From results, we found that the percentage of MAIT 
cells in peripheral blood from GC patients were sig-
nificantly lower (mean 1.17%) than that in HC (2.24%, 
p = 0.011). The absolute number of MAIT cells (104/
ml) was also the same trend (2.02 in HC and 0.82 in 
GC without chemotherapy, p < 0.001). In contrast, there 
were no significant differences in percentage and abso-
lute amount of MAIT cells (104/ml) from GC patients 
with or without chemotherapy (Fig. 2a). There was also 
no significant changes in the percentage and absolute 

number of MAIT cells in GC patients before and after 
chemotherapy (Fig.  2b). So we guess the frequency of 
MAIT from GC patients peripheral blood is unaffected 
by chemotherapy.

Flow cytometry analysis of MAIT cells’ different subsets 
in GC patients
Based on the expression of CD4 and CD8 phenotypes, 
MAIT cells populations can be divided into three main 
subsets: CD4−CD8+, CD4+CD8− and CD4−CD8− (dou-
ble-negative, DN) subsets [16, 19]. Analysis of circulat-
ing MAIT cells in GC patients and HC indicated that 
most of MAIT cells were either CD8+ or DN pheno-
type, and there was a very little proportion of CD4+ 
subset (Fig. 3a).

The percentage of CD4− MAIT cells in total MAIT 
cells from the GC patients without chemotherapy 
(79.2%, p = 0.018) were significantly lower than from 
HC (87.8%, Fig.  3b left). And in the gastric cancer 
groups, the proportion of CD4− MAIT cells without 
chemotherapy (79.2%, p = 0.023) was lower than that 
with chemotherapy (89.8%, Fig.  3b left), the absolute 
amount of CD4− MAIT cells with chemotherapy (2.23, 
p = 0.036) was also lower than that without chemother-
apy (0.67, Fig. 3b right).

In addition, the GC patients (67.4%, p = 0.036) was 
significantly lower than the HC (75.8%, Fig.  3d left) in 
CD4−CD8+ MAIT cells. The corresponding absolute 
amount of CD4−CD8+ MAIT cells show the same differ-
ential trend (mean 1.94/0.57, p = 0.049, Fig. 3d right). But 
the percentages of MAIT cells in other groups showed no 
differences.

Partial functional capacity of MAIT cells in GC patients
The present studies reported that MAIT cells exhibited 
wide-ranging functional impairments, which depended 
on their physical location but not chemotherapy [13]. 
To knowledge the partial cytokine-secretion function of 
peripheral blood MAIT cells, the isolated cells were stim-
ulated with PMA (50  ng/ml) and ionomycin (1  μg/ml) 
in-vitro in complete medium for 4–6 h, then, detected by 
flow cytometry. From the data, both IFN-γ+ MAIT cells 
(p = 0.401) and TNF-α+ MAIT cells (p = 0.332) were all 
having no significantly differences between GC patients 
and HC (Fig. 4b, c).

Correlations between circulating MAIT cells and clinical 
relevance
The levels of serum CEA, CA19-9 and CA72-4 remain 
a valuable biomarker for the evaluation of GC progres-
sion [20, 21]. To determine whether the serum levels of 

Table 1  Clinical characteristics of GC patients

Characteristics GC 
without chemotherapy 
(n = 38 )

GC 
with chemotherapy 
(n = 49 )

P value

Age (years)

 ≤ 45 3 3

 > 45 35 46

 x̄± s 61.42 ± 1.85 60.98 ± 1.47 0.85

Gender

 Male 26 34

 Female 12 15

 M:F 26:12 34:15 0.923
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these tumor markers are associated with MAIT cells’ 
frequency, we collected relevant information and made a 
comparative analysis. From the comparison, we knew the 
frequency of MAIT cells had no significant correlations 
with serum CEA, CA19-9 and CA72-4 levels, in Table 2.

The levels of MAIT cell‐associated cytokines and GrB in GC 
patients serum
On antigen recognition, MAIT cells can rapidly produce 
Th1/Th17 cytokines, including interferon (IFN)-γ, tumor 
necrosis factor (TNF)-α, interleukin (IL)-2 and interleu-
kin (IL)-17, in an innate-like manner [16]. Samples were 
selected from 60 GC patients (30 cases were treated with 
chemotherapy, 30 were without) and 30 HC with age- 
and gender-matched. The levels of TNF-α, IFN-γ, IL-2, 
IL-17A and GrB in serum were determined by cytomet-
ric bead array (CBA). We demonstrated the cytokine 
levels of IL-2,IL-17A, IFN-γ and TNF-α were little or 
nothing detected in HC serum. Interestingly, high levels 
of serum GrB were detected in all groups. In comparison 
with HC, significantly lower level of GrB was founded in 

GC patients (mean 142.87/9.68, Fig. 5) serum. Together, 
these data also suggested that the level of GrB in GC 
patients with chemotherapy was lower than that without 
chemotherapy (mean 37.93/9.68, Fig. 5).

Discussion
At present, cancer immunotherapy has an increas-
ingly extensive application prospect. Peterfalvi et  al. 
proposed for the first time that MAIT cells might be 
involved in the pathogenesis of malignant tumors. They 
tracked MAIT cells by SSCP and then discovered that 
MAIT cells could enter the kidney and brain [15]. Fur-
ther studies found MAIT cells might be involved in the 
pathogenesis of tumor by secreting pro-inflammatory 
cytokines to change the local tumor microenviron-
ment. Other literatures still reported that MAIT cells 
had obviously infiltrated into tumor tissues of kidney, 
brain and colon, suggesting MAIT cells might play 
a potential role in tumor immunity, and the gradual 
decline of peripheral blood MAIT cells might reflect 
the degree of cancer progression [15]. Still, studies had 

Fig. 2  Proportion and absolute number of MAIT cells in GC and HC. Total of 87 GC patients (49 cases with chemotherapy, 38 cases without 
chemotherapy) and 56 HC, which gender- and age-matched, provided the research samples. In addition, 16 samples were obtained from GC 
patients to determine the percentage of MAIT cells among CD3+ total T cells before and after chemotherapy. The CD3+TCRγδ−Vα7.2+CD161+ MAIT 
cells were determined by fluorescent assays. a Differences in the proportion and absolute number of MAIT cells (104/ml) in peripheral blood from 
GC patients and healthy controls. Moreover, the proportion and absolute number of MAIT cells (104/ml) from GC patients’ peripheral blood were 
compared with or without chemotherapy. b Frequency and absolute number of MAIT cells in the same GC patients before and after chemotherapy
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shown that the frequency of MAIT cells in patients 
with CRC is significantly decreased in peripheral blood, 
but increased in tumor tissues. And MAIT cells’ fre-
quency in the tumor tissues was positively correlated 
with the serum CEA level in tumor patients. These 
datum indicated that activated and memory MAIT 

cells accumulated in CRC tumor tissues, regulating 
the internal development and progression of CRC. We 
speculated the same regulatory mechanism might also 
exist in GC, and subsequent studies in GC tissues may 
provide new insights into the role of MAIT cells in the 
regulatory process of GC. Our work had extensively 

Fig. 3  Differences in CD4 and CD8 phenotypes of MAIT cells in GC patients and HC. The different subsets of circulating MAIT cells were gated 
on CD3+TCRγδ−Vα7.2+CD161+ MAIT cells and the percentages of CD4−CD8+, CD4+CD8− or CD4−CD8−(DN) MAIT cells were determined. a The 
gating strategy and the flow cytometry analysis of the different subsets of MAIT cells. b–f Differences with CD4 and CD8 phenotypes in MAIT cells 
between patients with GC patients and HC, and among the GC patients between with or without chemotherapy

Fig. 4  Assays of partial MAIT cells’ functional capacities. a MAIT cells were stimulated with PMA + ionomycin in vitro and detected by flow 
cytometry. Proportion of IFN-γ+ MAIT cells (b) and TNF-α+ MAIT cells (c) in peripheral blood from GC patients and HC
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described the characteristics of MAIT cells in GC 
patients. We focused on the frequency, partial function 
and clinical relevance of this cell in this study.

Firstly, in light of the MAIT cells significance in 
mucosal immunity [22], our experiments also analyzed 
the distribution of MAIT cells just in healthy population, 
which can be useful for studying on the MAIT cell level 
and partial function changes in other malignant diseases 
for monitoring some changes during these diseases. Our 
result showed the frequency of MAIT cells was negatively 
correlated with the increasing age and it had no differ-
ence in terms of gender in healthy individuals. Therefore, 
this conclusion supports the notion that it is necessary to 
pay attention to the age ratio in future studies with MAIT 
cell researches in diseases. Coupled with the incidence 
ratio of GC is 2:1 from male to female, our research also 
matched the gender ratio at the same time.

Furthermore, the frequency of peripheral blood MAIT 
cells were significantly lower than in HC. But no differ-
ence was found between GC patients with or without 
chemotherapy. It may be the reason that the blood sam-
ples from GC patients with chemotherapy were col-
lected only 1–2 days after chemotherapy in the hospital, 
chemotherapy drugs had not yet changed the frequency 
of peripheral blood MAIT cells. Other reports also have 

pointed out the frequency of peripheral blood MAIT 
cells in tumor patients was lower than HC [12, 23]. As we 
all know, there were various phenotypes on the surface 
of MAIT cells, in addition to CD4, CD8, IL-12 receptors 
and IL-18 receptors, also includes chemokine receptors 
CCR5, CCR6 and CXCR6 [19, 24], and immune-related 
molecules NKG2D, PD-1 and CTLA-4 [19], etc. Some 
molecules are important in tumor immunity. For exam-
ple, PD-1 is valuable for the study of tumor with MAIT 
cells, and we also determined the expression of PD-1 in 
peripheral blood MAIT cells, but had no significant posi-
tive result. The reason may be the number of cells was 
not enough, or the combination of antibodies was inap-
propriate. Checkpoint blockade therapy using anti-PD-1 
and anti-CTLA-4 based drugs to inhibit tumor-mediated 
immunosuppression is proving to be a very powerful 
approach to treating some types of cancer [25]. Hence, 
it is suggested that future researchers who will explore 
tumors with immune cells should have a try to add the 
detection of PD-1 and CTLA-4. Moreover, NKG2D that 
expressed by MAIT cells is also well-known to play a key 
role in facilitating tumor immune surveillance [26]. The 
potential benefits of MAIT cell-based tumor immuno-
therapy need to be discussed.

Previous studies have shown IFN-γ is crucial for T cell 
immunity and can regulate the p53 signaling to induce 
tumor cell cycle arrest and apoptosis [27–29]. To go into 
the function of MAIT cells, we selected IFN-γ, TNF-α, 
IL-2 and IL-17A cytokines. Some literatures reported the 
peripheral blood MAIT cells produced almost exclusively 
IFN-γ and TNF-α, but IL-17A was almost undetectable 
in human peripheral blood [30]. Only with the stimula-
tion, such as E. coil, significant IL-17A can be detected in 
peripheral blood [31]. In our experiments, Th1 cytokines 
(IFN-γ and TNF-α) were detected with the stimula-
tion of PMA, ionomycin and monensin. However, Th17 
cytokines were virtually undetected (IL-2 and IL-17A). 
And there was no difference in Th1 cytokines of MAIT 
cells between GC and HC.

Finally, MAIT cells are important immune cells, and 
playing an important role with staving off cancer in the 
immune response. Hence, we wanted to explore the 
correlation between the distribution of MAIT cells and 
clinical tumor parameters, to further explore the aca-
demic values of MAIT cells in GC. We collected the 
clinical parameters of serum CEA, CA19-9 and CA72-4 
levels from 37 GC patients and performed Pearson cor-
relation analysis with their frequency of MAIT cells 
in peripheral blood. We discovered no correlation. In 
addition, the GC patients serums were harvested and 
the levels of MAIT-associated cytokines were analyzed 
by CBA with the Human Th1/Th17 Cytometric Bead 
Array. We found Th1 and Th17 cytokines were rarely 

Table 2  Clinical tumor marks information of GC patients

Tumor marks Number (n ) MAIT cells frequency, 
mean values ( ̄x± s)

P value

CEA (µg/l)

 ≤ 5 20 1.10 ± 0.24 0.451

 > 5 17 1.43 ± 0.39

CA19-9 (U/ml)

 ≤ 37 27 0.87 ± 0.13 0.078

 > 37 8 1.42 ± 0.34

CA72-4 (ng/ml)

 ≤ 3.3 13 1.10 ± 0.35 0.594

 > 3.3 22 1.36 ± 0.30

Fig. 5  Detection and difference of MAIT cell-associated cytokines in 
serum from GC patients and HC. p < 0.05 were consider as statistically 
significant (*p < 0.05, **p < 0.01, ***p < 0.001)
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detected in HC. Only GrB, a molecule associated with 
MAIT cells, had the difference in GC patients and HC. 
In the next work, we will be interested in following up 
these patients and collecting their DFS and OS data for 
further to investigate the prognostic value of MAIT 
cells in this population.

Given that MAIT cells had been already proved to 
accumulate in inflamed mucosa, kidney and brain 
tumor tissues [27, 32, 33]. From our views, future stud-
ies can focus on exploring the distribution and function 
of MAIT cells in GC tissues and co-culture of MAIT 
cells with GC strains. Researches also had shown MAIT 
cells can kill target cells, including tumor cells, by cyto-
toxic particle threshing [34]. And MAIT cells may par-
ticipate in the surveillance for CRC [12]. But until now, 
the role of MAIT cells in the development and progres-
sion of cancer is still unclear, which needs to be stud-
ied for further. Meanwhile, next investigations can put 
emphasis on addressing the clinical outcome(s) of novel 
MAIT cell-based interventions. In years to come, it can 
be studied from the aspects of tumor microenviron-
ment and cell killing.

Conclusions
Our study shows the decreased frequency, changed 
phenotypes and partial potentially impaired function of 
MAIT cells in GC patients. Considering the changes of 
MAIT cells in tumor patients peripheral blood, it will 
be suggested a possible MAIT cell-based immunologi-
cal surveillance of GC. Moreover, it can provide rele-
vant theoretical support for tumor immunotherapy.

Abbreviations
CA19-9: Carbohydrate antigen 19-9; CA72-4: Carbohydrate antigen 72-4; CBA: 
Cytometric bead array; CCR​: C-C chemokine receptor; CEA: Carcinoembryonic 
antigen; CTLA-4: Cytotoxic Lymphocyte Antigen 4; CXCR: C-X-C chemokine 
receptor; DFS: Disease-free survival; GC: Gastric cancer; GrB: Granzyme-B; HC: 
Healthy controls; MAIT: Mucosal-associated invariant T cells; MR1: MHC-related 
1; NKG2D: Natural-killer group 2, member D; OS: Overall survival; PBMC: 
Peripheral blood mononuclear cell; PD-1: Programmed cell death protein 1; 
TCR​: T cell receptor; TH1: T helper 1; Th17: T helper 17.

Acknowledgements
Not applicable.

Authors’ contributions
HW designed this experiments. CS is responsible for sample collection and 
processing. JH, YL, HH and LS assisted in sample collection. YZ was responsible 
for the collection of clinical data of patients and data analysis. CS was a major 
contributor to the manuscript. FZ and XW directed the experiment and article 
writing. All authors read and approved the final manuscript.

Funding
This work was funded by Anhui Provincial Natural Science Foundation 
(1708085QH183), Young Top Talent Support Program of Anhui Medical Univer-
sity and Chinese Postdoctoral Science Foundation (2016M590560).

Availability of data and materials
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.

Ethics approval and consent to participate
This study was approved by the Medical Ethics Committee of the First Hospital 
of Anhui Medical University and the methods were carried out in accord-
ance with the approved guidelines. The committee’s reference number: No. 
2018004-2.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Oncology, The First Affiliated Hospital of Anhui Medical 
University, Hefei 230022, China. 2 Department of Oncology, Fuyang Hospital 
of Anhui Medical University, Fuyang 236000, China. 3 Department of Gastro-
intestinal Surgery, The First Affiliated Hospital of Anhui Medical University, 
Hefei 230022, China. 4 Health Management Center, The First Affiliated Hospital 
of Anhui Medical University, Hefei 230022, China. 5 Department of Clinical Lab-
oratory, The First Affiliated Hospital of Anhui Medical University, Hefei 230022, 
China. 6 School of Pharmacy, Inflammation and Immune Mediated Diseases 
Laboratory of Anhui Province, Hefei 230032, China. 7 Institute of Liver Diseases, 
Anhui Medical University, Hefei 230032, China. 

Received: 26 October 2019   Accepted: 17 June 2020

 References
	1.	 Novak J, Dobrovolny J, Novakova L, Kozak T. The decrease in number 

and change in phenotype of mucosal-associated invariant T cells in the 
elderly and differences in men and women of reproductive age. Scand J 
Immunol. 2014;80(4):271–5. https​://doi.org/10.1111/sji.12193​.

	2.	 Treiner E, Duban L, Bahram S, et al. Selection of evolutionarily 
conserved mucosal-associated invariant T cells by MR1. Nature. 
2003;422(6928):164–9.

	3.	 Le Bourhis L, Mburu YK, Lantz O. MAIT cells, surveyors of a new 
class of antigen: development and functions. Curr Opin Immunol. 
2013;25(2):174–80. https​://doi.org/10.1016/j.coi.2013.01.005.

	4.	 Walker LJ, Kang YH, Smith MO, Tharmalingham H, Ramamurthy N, Flem-
ing VM, Sahgal N, Leslie A, Oo Y, Geremia A, Scriba TJ, Hanekom WA, Lauer 
GM, Lantz O, Adams DH, Powrie F, Barnes E, Klenerman P. Human MAIT 
and CD8alphaalpha cells develop from a pool of type-17 precommitted 
CD8+ T cells. Blood. 2012;119(2):422–33. https​://doi.org/10.1182/blood​
-2011-05-35378​9.

	5.	 Kjer-Nielsen L, Patel O, Corbett AJ, Le Nours J, Meehan B, Liu L, Bhati M, 
Chen Z, Kostenko L, Reantragoon R, Williamson NA, Purcell AW, Dudek NL, 
McConville MJ, O’Hair RA, Khairallah GN, Godfrey DI, Fairlie DP, Rossjohn J, 
McCluskey J. MR1 presents microbial vitamin B metabolites to MAIT cells. 
Nature. 2012;491(7426):717–23. https​://doi.org/10.1038/natur​e1160​5.

	6.	 Haeryfar SMM, Shaler CR, Rudak PT. Mucosa-associated invariant T cells 
in malignancies: a faithful friend or formidable foe? Cancer Immunol 
Immunother. 2018;67(12):1885–196. https​://doi.org/10.1007/s0026​
2-018-2132-1.

	7.	 Jin Z, Jiang W, Wang L. Biomarkers for gastric cancer: progression in early 
diagnosis and prognosis (Review). Oncol Lett. 2015;9(4):1502–8. https​://
doi.org/10.3892/ol.2015.2959.

	8.	 Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D. Global cancer 
statistics. CA Cancer J Clin. 2011;61(2):69–90. doi:https​://doi.org/10.3322/
caac.20107​.

	9.	 Peng LS, Mao FY, Zhao YL, et al. Altered phenotypic and functional 
characteristics of CD3+CD56+ NKT-like cells in human gastric cancer. 
Oncotarget. 2016;7(34):55222–30.

	10.	 Wei M, Shen D, Mulmi Shrestha S, Liu J, Zhang J, Yin Y. The progress of 
T cell immunity related to prognosis in gastric cancer. Biomed Res Int. 
2018;2018:1–6. https​://doi.org/10.1155/2018/32019​40.

https://doi.org/10.1111/sji.12193
https://doi.org/10.1016/j.coi.2013.01.005
https://doi.org/10.1182/blood-2011-05-353789
https://doi.org/10.1182/blood-2011-05-353789
https://doi.org/10.1038/nature11605
https://doi.org/10.1007/s00262-018-2132-1
https://doi.org/10.1007/s00262-018-2132-1
https://doi.org/10.3892/ol.2015.2959
https://doi.org/10.3892/ol.2015.2959
https://doi.org/10.3322/caac.20107
https://doi.org/10.3322/caac.20107
https://doi.org/10.1155/2018/3201940


Page 9 of 9Shao et al. Cell Biosci           (2021) 11:12 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	11.	 Godfrey DI, Le Nours J, Andrews DM, Uldrich AP, Rossjohn J. Uncon-
ventional T cell targets for cancer immunotherapy. Immunity. 
2018;48(3):453–73. https​://doi.org/10.1016/j.immun​i.2018.03.009.

	12.	 Ling L, Lin Y, Zheng W, Hong S, Tang X, Zhao P, Li M, Ni J, Li C, Wang L, 
Jiang Y. Circulating and tumor-infiltrating mucosal associated invariant T 
(MAIT) cells in colorectal cancer patients. Sci Rep. 2016;6:20358. doi:https​
://doi.org/10.1038/srep2​0358.

	13.	 Shaler CR, Tun-Abraham ME, Skaro AI, Khazaie K, Corbett AJ, Mele T, 
Hernandez-Alejandro R, Haeryfar SMM. Mucosa-associated invariant T 
cells infiltrate hepatic metastases in patients with colorectal carcinoma 
but are rendered dysfunctional within and adjacent to tumor microen-
vironment. Cancer Immunol Immunother. 2017;66(12):1563–75. https​://
doi.org/10.1007/s0026​2-017-2050-7.

	14.	 Zabijak L, Attencourt C, Guignant C, Chatelain D, Marcelo P, Marolleau JP, 
Treiner E. Increased tumor infiltration by mucosal-associated invariant T 
cells correlates with poor survival in colorectal cancer patients. Cancer 
Immunol Immunother. 2015;64(12):1601–8. https​://doi.org/10.1007/
s0026​2-015-1764-7.

	15.	 Sundstrom P, Ahlmanner F, Akeus P, Sundquist M, Alsen S, Yrlid U, Borjes-
son L, Sjoling A, Gustavsson B, Wong SB, Quiding-Jarbrink M. Human 
mucosa-associated invariant T cells accumulate in colon adenocar-
cinomas but produce reduced amounts of IFN-gamma. J Immunol. 
2015;195(7):3472–81. https​://doi.org/10.4049/jimmu​nol.15002​58.

	16.	 Lee OJ, Cho YN, Kee SJ, Kim MJ, Jin HM, Lee SJ, Park KJ, Kim TJ, Lee SS, 
Kwon YS, Kim N, Shin MG, Shin JH, Suh SP, Ryang DW, Park YW. Circulating 
mucosal-associated invariant T cell levels and their cytokine levels in 
healthy adults. Exp Gerontol. 2014;49:47–54. doi:https​://doi.org/10.1016/j.
exger​.2013.11.003.

	17.	 Leung WK, Lin SR, Ching JY, To KF, Ng EK, Chan FK, Lau JY, Sung JJ. Factors 
predicting progression of gastric intestinal metaplasia: results of a ran-
domised trial on Helicobacter pylori eradication. Gut. 2004;53(9):1244–9. 
https​://doi.org/10.1136/gut.2003.03462​9.

	18.	 Cavatorta O, Scida S, Miraglia C, Barchi A, Nouvenne A, Leandro G, Meschi 
T, De’Angelis GL, Di Mario F. Epidemiology of gastric cancer and risk fac-
tors. Acta Biomed. 2018;89(8-S):82–7. https​://doi.org/10.23750​/abm.v89i8​
-S.7966.

	19.	 Leeansyah E, Ganesh A, Quigley MF, Sonnerborg A, Andersson J, Hunt 
PW, Somsouk M, Deeks SG, Martin JN, Moll M, Shacklett BL, Sandberg 
JK. Activation, exhaustion, and persistent decline of the antimicrobial 
MR1-restricted MAIT-cell population in chronic HIV-1 infection. Blood. 
2013;121(7):1124–35. https​://doi.org/10.1182/blood​-2012-07-44542​9.

	20.	 Ucar E, Semerci E, Ustun H, Yetim T, Huzmeli C, Gullu M. Prognostic 
value of preoperative CEA, CA 19-9, CA 72-4, and AFP levels in gastric 
cancer. Adv Ther. 2008;25(10):1075–84. https​://doi.org/10.1007/s1232​
5-008-0100-4.

	21.	 Filella X, Fuster J, Molina R, et al. TAG-72, CA 19.9 and CEA as tumor mark-
ers in gastric cancer. Acta Oncol. 2009;33(7):747–51.

	22.	 Kumar V, Ahmad A. Role of MAIT cells in the immunopathogenesis 
of inflammatory diseases: new players in old game. Int Rev Immunol. 
2018;37(2):90–110. https​://doi.org/10.1080/08830​185.2017.13801​99.

	23.	 Won EJ, Ju JK, Cho YN, et al. Clinical relevance of circulating mucosal-
associated invariant T cell levels and their anti-cancer activity in patients 
with mucosal-associated cancer. Oncotarget. 2016;7(46):76274–90.

	24.	 Bolte FJ, Rehermann B. Mucosal-associated invariant T cells in chronic 
inflammatory liver disease. Semin Liver Dis. 2018;38(1):60–5. https​://doi.
org/10.1055/s-0037-16217​09.

	25.	 Melero I, Berman DM, Aznar MA, Korman AJ, Perez Gracia JL, Haanen J. 
Evolving synergistic combinations of targeted immunotherapies to com-
bat cancer. Nat Rev Cancer. 2015;15(8):457–72. https​://doi.org/10.1038/
nrc39​73.

	26.	 Lopez-Soto A, Huergo-Zapico L, Acebes-Huerta A, Villa-Alvarez M, 
Gonzalez S. NKG2D signaling in cancer immunosurveillance. Int J Cancer. 
2015;136(8):1741–50. https​://doi.org/10.1002/ijc.28775​.

	27.	 Tosolini M, Kirilovsky A, Mlecnik B, Fredriksen T, Mauger S, Bindea G, 
Berger A, Bruneval P, Fridman WH, Pages F, Galon J. Clinical impact of 
different classes of infiltrating T cytotoxic and helper cells (Th1, th2, treg, 
th17) in patients with colorectal cancer. Cancer Res. 2011;71(4):1263–71. 
https​://doi.org/10.1158/0008-5472.CAN-10-2907.

	28.	 Guan YQ, Li Z, Yang A, Huang Z, Zheng Z, Zhang L, Li L, Liu JM. Cell cycle 
arrest and apoptosis of OVCAR-3 and MCF-7 cells induced by co-immo-
bilized TNF-alpha plus IFN-gamma on polystyrene and the role of p53 
activation. Biomaterials. 2012;33(26):6162–71. https​://doi.org/10.1016/j.
bioma​teria​ls.2012.05.037.

	29.	 Braumuller H, Wieder T, Brenner E, Assmann S, Hahn M, Alkhaled M, Schil-
bach K, Essmann F, Kneilling M, Griessinger C, Ranta F, Ullrich S, Mocikat 
R, Braungart K, Mehra T, Fehrenbacher B, Berdel J, Niessner H, Meier F, 
van den Broek M, Haring HU, Handgretinger R, Quintanilla-Martinez L, 
Fend F, Pesic M, Bauer J, Zender L, Schaller M, Schulze-Osthoff K, Rocken 
M. T-helper-1-cell cytokines drive cancer into senescence. Nature. 
2013;494(7437):361–5. https​://doi.org/10.1038/natur​e1182​4.

	30.	 Zumwalde NA, Haag JD, Gould MN, Gumperz JE. Mucosal associated 
invariant T cells from human breast ducts mediate a Th17-skewed 
response to bacterially exposed breast carcinoma cells. Breast Cancer Res. 
2018;20(1):111. doi:https​://doi.org/10.1186/s1305​8-018-1036-5.

	31.	 Gibbs A, Leeansyah E, Introini A, Paquin-Proulx D, Hasselrot K, Andersson 
E, Broliden K, Sandberg JK, Tjernlund A. MAIT cells reside in the female 
genital mucosa and are biased towards IL-17 and IL-22 production in 
response to bacterial stimulation. Mucosal Immunol. 2017;10(1):35–45. 
doi:https​://doi.org/10.1038/mi.2016.30.

	32.	 Serriari NE, Eoche M, Lamotte L, Lion J, Fumery M, Marcelo P, Chatelain D, 
Barre A, Nguyen-Khac E, Lantz O, Dupas JL, Treiner E. Innate mucosal-
associated invariant T (MAIT) cells are activated in inflammatory bowel 
diseases. Clin Exp Immunol. 2014;176(2):266–74. https​://doi.org/10.1111/
cei.12277​.

	33.	 Peterfalvi A, Gomori E, Magyarlaki T, Pal J, Banati M, Javorhazy A, Szekeres-
Bartho J, Szereday L, Illes Z. Invariant Valpha7.2-Jalpha33 TCR is expressed 
in human kidney and brain tumors indicating infiltration by mucosal-
associated invariant T (MAIT) cells. Int Immunol. 2008;20(12):1517–25. 
https​://doi.org/10.1093/intim​m/dxn11​1.

	34.	 Le Bourhis L, Dusseaux M, Bohineust A, Bessoles S, Martin E, Premel V, 
Core M, Sleurs D, Serriari NE, Treiner E, Hivroz C, Sansonetti P, Gougeon 
ML, Soudais C, Lantz O. MAIT cells detect and efficiently lyse bacterially-
infected epithelial cells. PLoS Pathog. 2013;9(10):e1003681. https​://doi.
org/10.1371/journ​al.ppat.10036​81.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1016/j.immuni.2018.03.009
https://doi.org/10.1038/srep20358
https://doi.org/10.1038/srep20358
https://doi.org/10.1007/s00262-017-2050-7
https://doi.org/10.1007/s00262-017-2050-7
https://doi.org/10.1007/s00262-015-1764-7
https://doi.org/10.1007/s00262-015-1764-7
https://doi.org/10.4049/jimmunol.1500258
https://doi.org/10.1016/j.exger.2013.11.003
https://doi.org/10.1016/j.exger.2013.11.003
https://doi.org/10.1136/gut.2003.034629
https://doi.org/10.23750/abm.v89i8-S.7966
https://doi.org/10.23750/abm.v89i8-S.7966
https://doi.org/10.1182/blood-2012-07-445429
https://doi.org/10.1007/s12325-008-0100-4
https://doi.org/10.1007/s12325-008-0100-4
https://doi.org/10.1080/08830185.2017.1380199
https://doi.org/10.1055/s-0037-1621709
https://doi.org/10.1055/s-0037-1621709
https://doi.org/10.1038/nrc3973
https://doi.org/10.1038/nrc3973
https://doi.org/10.1002/ijc.28775
https://doi.org/10.1158/0008-5472.CAN-10-2907
https://doi.org/10.1016/j.biomaterials.2012.05.037
https://doi.org/10.1016/j.biomaterials.2012.05.037
https://doi.org/10.1038/nature11824
https://doi.org/10.1186/s13058-018-1036-5
https://doi.org/10.1038/mi.2016.30
https://doi.org/10.1111/cei.12277
https://doi.org/10.1111/cei.12277
https://doi.org/10.1093/intimm/dxn111
https://doi.org/10.1371/journal.ppat.1003681
https://doi.org/10.1371/journal.ppat.1003681

	Decrease of peripheral blood mucosal‐associated invariant T cells and impaired serum Granzyme-B production in patients with gastric cancer
	Abstract 
	Introduction
	Materials and methods
	Human samples
	Isolation of PBMCs and stimulation of MAIT cells
	Flow cytometry
	Detection of serum cytokines and GrB by CBA kit
	Statistical analysis

	Results
	Frequency of MAIT cells from healthy adults peripheral blood
	Difference in MAIT cells’ frequency between GC patients and healthy subjects
	Flow cytometry analysis of MAIT cells’ different subsets in GC patients
	Partial functional capacity of MAIT cells in GC patients
	Correlations between circulating MAIT cells and clinical relevance
	The levels of MAIT cell‐associated cytokines and GrB in GC patients serum

	Discussion
	Conclusions
	Acknowledgements
	References




